ABSTRACT The relationship of albumen height (AH) to the compositions of yolks and embryos in hatching eggs from a young (30 wk of age) broiler breeder flock was evaluated during incubation. On Day 2 of incubation, egg weight, yolk weight, and yolk moisture, lipid, and fatty acid contents were determined in eggs from broiler breeders previously identified as laying eggs of either low or high AH. In addition, egg weight, wet and dry embryo weight, and embryo moisture and protein contents were determined on Days 10, 12, and 16, and embryo lipid content was determined on Days 12 and 16. Yolk and embryo weights were expressed as percentages of
INTRODUCTION
Eggs from early production breeder flocks tend to have thicker eggshells and albumen, which together appreciably lower moisture loss, vital gas exchange , and nutrient availability to the embryo (Benton and Brake, 1996) . These influences may result in compromised viability of the embryo during the very early stages of development (Benton and Brake, 1996) and decreases in hatchability (Peebles and Brake, 1987) . Furthermore, chicks from young flocks hatch late and are underdeveloped (Suarez et al., 1997) . Tullett and Noble (1989) have also noted that the transfer of lipid from the yolk to the embryo is much reduced in eggs from a young parent stock. Albumen classified as high quality in eggs from young flocks (30 to 33 wk of age) has been found by Benton et al. (1997) to reduce hatchability further and increase the length of incubation. Use of trade names in this publication does not imply endorsement by the Mississippi Agricultural and Forestry Experiment Station of these products nor criticism of similar ones not mentioned. 3 To whom correspondence should be addressed: Poultry Science Department, Mississippi State University, Box 9665, Mississippi State, MS 39762. Telephone: (662) 325-3379; fax: (662) 325-8292. E-mail: dpeebles@poultry.msstate.edu. 1373 sampled egg weight. Egg, yolk, and wet embryo weights, yolk moisture and lipid contents, and embryo moisture, protein, and lipid contents were not affected by AH; however, yolk myristic acid concentration was higher, and yolk linoleic acid concentration was lower, in low AH eggs on Day 2 of incubation. Furthermore, on Day 16, dry embryo weight was significantly higher in low AH eggs. Young breeder hens laying eggs of different AH may also produce egg yolks with different fatty acid compositions. Differences in yolk fatty acid profiles between AH groups during early incubation may impact subsequent embryo DM weight without associated effects on embryo moisture, protein, or lipid contents.
In association with the decline in albumen quality during storage is a loss of egg weight caused by the evaporative loss of water (Romanoff and Romanoff, 1949) . Albumen lique-faction may reduce the barrier to gaseous diffusion imposed by the albumen (Meuer and Baumann, 1988) . Brake et al. (1997) suggested that, in young flocks, eggs from strains of birds exhibiting better albumen quality should be stored for a longer time to achieve higher hatchability.
Yolk content influences chick body composition and viability (Donaldson, 1964; Noble and Tullett, 1989) . The embryo's energy needs and requirements for particular fatty acids may differ among successive developmental stages during incubation (Speake et al., 1998) . Peebles et al. (1999) noted that differential accumulations of moisture and DM in embryos during incubation exhibit distinctive associations with concentrations of various yolk fatty acids. Albumen height (AH) is commonly used as an indicator of albumen quality (Card and Nesheim, 1972) . However, no current research reports describe yolk composition in eggs from young broiler breeders laying eggs of different AH and their subsequent relationships to embryonic composition during incubation. Therefore, the objective of this study was to examine yolk and embryo compositions during incubation in broiler hatching eggs with different AH from a young breeder flock (30 wk of age). Breeder hens were artificially inseminated twice a week after onset of egg production at 25 wk of age. Broiler breeder hens were identified by the relative AH of their eggs as previously described by Benton and Brake (1996) . Haugh unit calculations were also performed on eggs to account for any egg weight influences on AH. The two AH groups were designated as high or low. High and low AH eggs differed significantly in both AH (P ≤ 0.04) and Haugh unit (P ≤ 0.03) measurements. Because albumen quality is known to be influenced by flock age (Romanoff and Romanoff, 1949) , eggs were collected from breeder hens belonging to a single age group. When breeder hens were 30 wk of age, eggs were collected over a 3-d period and randomly set, based on day of collection and AH designation, in Jamesway 252-B incubators 5 set at 37.5 ± 0.5 C dry bulb temperature and one of three wet bulb temperatures (26.7, 28.9, or 31.1 ± 0.5 C). In each incubator, approximately 120 eggs were set from each AH group. Eggs had been stored for up to 6 d at 18 C and 70% RH prior to setting.
MATERIALS AND METHODS

Arbor
Egg, Yolk, and Embryo Sampling
Two eggs within each incubator and AH group were sampled for determination of egg weight, yolk weight, and yolk moisture, lipid, and fatty acid contents on Day 2 of incubation. From each incubator and AH group, four eggs on Days 10 and 12 and two eggs on Day 16 were sampled for determination of egg weight, wet and dry embryo weights, and embryo moisture content. Yolk weight, and wet and dry embryo weights were expressed as percentages of sampled egg weight. In addition, two eggs from each incubator and AH group were sampled for determination of embryo protein content on Days 10, 12, and 16 and for embryo lipid content on Days 12 and 16 of incubation. Because correlations among these yolk and embryo compositional variables have previously been described throughout incubation (Peebles et al., 1999) , they were chosen for examination. Data within each incubator and AH group were averaged prior to analysis. Embryos were extracted from eggs as described 4 Arbor Acres Farm, Inc., Glastonbury, CT 06033. by Peebles et al. (1998) and were carefully separated from their yolk sacs. Embryos were killed by cervical dislocation and were prepared for weighing as described by Peebles et al. (1999) .
Yolk and Embryo Content Analysis
For analyses of yolk and embryo moisture contents, yolk and embryo samples (1 g yolk or one embryo, respectively) were desiccated as described by Peebles et al. (1999) . Yolk and embryo moisture contents were expressed as percentages of fresh sample weight. Analyses of yolk and embryo lipid and embryo protein contents were conducted by methods of the Association of Official Analytical Chemists (1980) . Embryo protein and embryo and yolk lipid contents were expressed as percentages of DM. Determinations of yolk concentrations of myristic, palmitic, palmitoleic, stearic, oleic, linoleic, linolenic, and arachidonic acids were as described by Latour et al. (1998) . Fatty acid concentrations were expressed as percentages of total yolk fatty acids.
Statistical Analysis
A randomized complete block design was utilized. Eggs of each AH designation were randomly assigned to the three blocks (incubators) so that approximately equal numbers of each designation were assigned to each block. Blocks were accounted for in the statistical model. Additionally, equal numbers of eggs from each day of collection and AH group were completely randomized within each incubator tray. Differences in AH and Haugh units between AH groups and the main effect of AH on percentage yolk weight, yolk moisture, yolk lipid, and yolk fatty acids on Day 2 of incubation were tested by a one-way analysis using the GLM Procedure of SAS (1996) . All other data collected at multiple time periods during incubation were analyzed to test for the main effects of AH and day of incubation as well as their interaction. These data were analyzed using the Mixed Procedure of SAS (1996) . Angular transformations (arc sine of the square root of the proportion affected) were performed on all percentage data prior to analysis, and means were compared by Fisher's Protected Least Significant Difference (Steel and Torrie, 1980) . Statements of significance were based on P ≤ 0.05 unless otherwise stated.
RESULTS
Albumen height had no significant effect on percentage yolk weight, moisture, or lipid. However, on Day 2, AH significantly (P ≤ 0.03) affected yolk concentrations of myristic and linoleic acids (Table 1) . Yolk myristic acid concentration was significantly higher in low AH eggs than in high AH eggs on Day 2. Conversely, yolk linoleic acid concentration on Day 2 was higher in high AH eggs when compared with low AH eggs. No significant effects of AH were found for any other yolk fatty acids. There were significant day of incubation effects for egg weight Means within a column with no common superscript differ significantly (P ≤ 0.05) by Fisher's Protected LSD. 1 SEM based on pooled estimate of variance.
(P ≤ 0.006), percentage wet embryo weight (P ≤ 0.0001), embryo moisture (P ≤ 0.0001), embryo protein (P ≤ 0.0001), and embryo lipid (P ≤ 0.01) ( Table 2 ). Egg weight decreased significantly between Days 2 and 10 of incubation. Wet embryo weight and embryo protein content increased, whereas, embryo moisture content decreased significantly between Days 10, 12, and 16 of incubation. Embryo lipid content increased significantly between Days 12 and 16. However, there were no significant main effects of AH or day of incubation by AH interactions for these variables (egg weight, percentage wet embryo weight, and embryo moisture, protein, and lipid contents). There was a significant (P ≤ 0.004) day of incubation by AH interaction for percentage embryo DM (Table 3) . By 16 d of incubation, embryo DM content was significantly higher in low AH egges compared with high AH eggs. Benton and Brake (1996) noted that the rate of water loss from the egg during incubation was not influenced by albumen quality but suggested that a thick albumen may slow vital gas diffusion, limit nutrient availability to the embryo, and subsequently increase the incidence of embryonic death. This conclusion was supported by findings in a report by Benton et al. (1997) , which showed that high quality albumen increased incubation time and had a significant negative effect on hatchability of eggs from young broiler breeder flocks (30 to 33 wk of age). Nevertheless, broiler breeder diets that were increased in linoleic acid content from 1.6 to 2.4% through the use of 5% added poultry fat were also found to significantly reduce the hatchability of fertile eggs (Brake et al., 1989) . The level of saturation and proportions of component fatty acids in egg yolk can be significantly modified by the amounts of unsaturated fatty acids in a diet (Cruickshank, 1934; Cherian and Sim, 1991) . Furthermore, Bray (1967) suggested that preformed fatty acids may be absorbed by the intestine, without alteration by the liver, and may be directly incorporated into yolk. Taken together, these studies indicate that increased yolk linoleic acid content may also negatively impact the hatchability of broiler breeder eggs.
DISCUSSION
AH and Yolk Fatty Acid Content
Other investigators have reported the relative concentrations of both saturated and unsaturated fatty acids present in incubating egg yolks (Donaldson, 1964; Noble and Shand, 1985) . However, none have investigated the possible relationship between AH and yolk fatty acid content during incubation. In this study, the relative concentrations of yolk myristic and linoleic acids were affected by AH on Day 2 of incubation. The high AH eggs had higher concentrations of yolk linoleic acid than did those of low AH. Because embryonic assimilation of lipids from the yolk is known to occur primarily during the later stages of incubation (Noble and Cocchi, 1990) , differences in yolk fatty acid concentrations between AH eggs on Day 2 would be expected to be associated with different depositional rates of certain yolk fatty acids in hens laying eggs of different AH rather than a consequence of the effects of AH on embryonic metabolism. A higher yolk linoleic acid content in high AH eggs at Day 2 would suggest that eggs of high AH have more linoleic acid available for utilization by the embryo than do low AH eggs.
Young hens laying high AH eggs may, therefore, be more efficient in the amounts of linoleic acid that they deposit into their yolks. Also, an increased availability of total unsaturated versus saturated fatty acids in high AH eggs is indicated by the observation of significantly lower Means within a row (day of incubation) with no common superscript differ significantly (P ≤ 0.05) by Fisher's Protected LSD. 1 SEM based on pooled estimate of variance = 0.18. levels of myristic acid in high AH eggs. Differences in the availability of these fatty acids may be particularly critical because embryonic tissues lack the capacity to desaturate fatty acids that have been synthesized de novo (Donaldson, 1981) .
AH and Embryo DM
High AH eggs were found in the present study to have a lower relative dry embryo weight than low AH eggs. Differences in mean relative dry embryo weight between AH groups were observed to increase numerically between Days 10 and 12 and Days 12 and 16 with differences becoming significant by Day 16. A significantly lower embryo DM percentage in high AH eggs at Day 16 would suggest that embryonic growth in terms of DM accumulation might have been retarded by the later stages of incubation in high AH eggs. Recent work by Peebles et al. (1999) shows a significant negative correlation between yolk palmitic acid concentration and embryo DM as a percentage of fresh egg weight at Days 9 and 12 of incubation. Increased linoleic and decreased myristic acid concentrations in the yolk on Day 2, in association with decreased embryo DM content as a percentage of sampled egg weight on Day 16 in high AH eggs, suggest that altered yolk fatty acid content affected subsequent percentage dry embryo weight in the present study.
Conversely, wet embryo weight, as a percentage of sampled egg weight, was not affected by AH through Day 16 of incubation. Decreased AH enhances the flow of water and solutes across the vitelline membrane or into the yolk (Burley and Vadehra, 1989; Stern, 1991) . However, the embryo consists mainly of water, and the relative contribution of water to wet embryo mass during incubation decreases in association with the loss of moisture from the entire internal contents of the egg (Peebles et al., 1999) . Moisture in the embryo also is not conserved as it is in the yolk when fluid reserves in the egg decrease with the approach of hatch (Tullett and Burton, 1982) . The differential effects of AH on the relative wet and dry weights of embryos through Day 16 may, therefore, be explained by the relative contributions of DM and moisture to embryonic growth. Peebles et al. (1999) demonstrated that changes in embryo mass during incubation were related to differential accumulations of moisture and DM and that the relative proportions of total DM and DM fat increased toward hatch. Peebles et al. (1999) also found a positive correlation between embryo protein and moisture content; percentage protein increased as percentage moisture increased, particularly after Day 15 of incubation. Nevertheless, the current results suggest that despite differences in yolk fatty acid profiles during early incubation, the effects of AH on embryo viability in young breeders are not related to altered moisture, protein, or lipid compositions of embryos between Days 10 and 16 of incubation.
AH and Embryo Composition
